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Ischemia-Reperfusion
Topical hepatic hypothermia plus ischemic preconditioning. Analysis of bile flow and ischemic injuries after initial reperfusion in rats 1 Hipotermia hepática tópica mais pré-condicionamento isquêmico. Análise do fluxo biliar e danos isquêmicos após a reperfusão inicial em ratos 
Introduction
Ischemia-reperfusion injury (I/R) is a major cause of morbidity and mortality in liver surgery and transplantation. In order to attenuate the deleterious effects of I/R, some strategies such as topical Hypothermia and IPC have been used with proven benefits 1, 2 . The protective effect of hypothermia has been attributed to a reduction of liver metabolism and the subsequent decrease of oxygen requirement that occurs with a temperature decrease during the ischemia
3
. In addition, the prevention of liver injuries promoted by attenuation of oxidative stress and microcirculatory injury after the reperfusion also plays an important role [3] [4] [5] . Contrary to hypothermia applied through whole body temperature cooling or in situ perfusion cooling, topical hypothermia is a simple, fast, and low cost technique, which is not associated with hemodynamic imbalance and body temperature decrease
2
. There is growing evidence that even mild or moderate hypothermia evokes functional protection against I/R injury [4] [5] [6] . On the other hand, IPC is an inducible and potent endogenous mechanism by which repeated episodes of brief I/R promote protection against subsequent sustained
. While a number of protective mediators have been identified such as adenosine
7
, nitric oxide 8 or various kinases 9, 10 , the triggering mechanism of protection remains unknown. One of the possible protective mechanisms is related to a reduction of oxidative stress 11, 12 . In the present study the authors assessed the occurrence of protective synergistic effects when both techniques are associated as well as the hepatocelular injuries, liver function and antioxidant defenses at the initial phase of the reperfusion.
Methods
This study was approved by HCPA-UFRGS Bioethical
Committee of the Post-Graduation Group and follows the Council for International Organization of Medical Sciences (CIOMS) ethical code for animal experimentation and the principles of the Brazilian College on Animal Experimentation.
Animals and experimental design
Male Wistar rats (n=32) weighting 200-250g were housed under standard environmental conditions with a 12-hour light/dark cycle. Animals were fasted overnight with unlimited access to water before their use in the experiments and were divided in five groups:
Control Group (C).
Animals underwent laparotomy and all preparation remaining without hepatic ischemia throughout the experiment, (n=4).
Normothermic Ischemia Group (NI)
Livers were subjected to ischemia of the median and lateral lobes for 90 minutes and subsequent reperfusion for 120 minutes, (n=7).
Ischemic Preconditioning Group (IPC) Ischemic
preconditioning consisted of 10 minutes of warm ischemia and 10 minutes of reperfusion. Thereafter, the preconditioned liver lobes were exposed to 90 minutes of ischemia followed by 120 minutes of reperfusion, (n= 7).
Hypothermia Group (H).
Immediately after pedicle cross clamping,, the median and left lateral liver lobes were cooled to 26°C for 90 minutes. Thereafter, the livers were reperfused for 120 minutes in normothermia, (n=7).
Hypothermia plus Ischemic Preconditioning Group (H+IPC).
Ischemic preconditioning consisted of 10 minutes of warm ischemia and 10 minutes of reperfusion.
Immediately after pedicle cross clamping, the preconditioned liver lobes were cooled to 26°C for 90 minutes. Thereafter, the livers were reperfused for 120 minutes in normothermia, (n=7).
Anesthesia and surgical procedures
After 12 hours fasting, animals were anesthetized with ketamin sulfate 75 mg/kg (Vetbrands, Jacarei, Brazil) and xylazin 10 mg/kg (Vetbrands, Jacarei, Brazil) by intraperitoneal injection.
One-third supplements of the initial dose were administered when freezer, whereas another fragment was fixed in 4% formaldehyde.
Bile flow
Bile samples were collected every 15 min by siphoning.
Bile volume was determined gravimetrically, assuming a density of 1.0 g/ml, and the results were expressed as microliters per minute per gram of wet weight liver.
Liver enzymes
Blood samples were taken from the carotid artery at the end of the experiment, immediately centrifuged at 4000Xg for 10 min, and stored at -80°C. Serum aspartate aminotransferase (AST) alanine aminotransferase (ALT) were measured by means of automated analyzer (Modular P800 Hitachi, Roche-Boehringer, Mannheim, Germany).
Thiobarbithuric Acid Reactive Substances (TBARS)
The determination of the TBARS was performed using the Buege and Aust method 14 . The liver was homogenized with tricloroacetic acid 10% and a solution of tiobarbituric acid 0.67% plus sodium sulfate 7.1%. Afterwards, the composition was heated to 100ºC for 30 minutes and then cooled in ice for 10 minutes.
After that, n-butyl alcohol was added to the composition and The results were expressed in picomoles per milligram of protein (pmoles/mg.prot).
Superoxide Dismutase (SOD)
The activity of the antioxidant enzyme SOD was evaluated using a technique described by Kirby and Fridovich 
Results
MAP and body temperature
In all groups, the MAP and body temperature remained constant over the whole experiment. There was no significant difference between animals subjected to topical hypothermia, normothermic ischemia, and sham-operated controls (Figure 1 ). At the end of reperfusion the mean serum levels of ALT in the C group were 107±40 IU/L, whereas in the NI group were significantly increased to 4660±1371 IU/L (p<0.05 vs. C group).
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As in the NI group, in the IPC group the mean ALT levels were significantly increased to 4086±832 IU/L (p<0.05 vs. C group). In the H group the mean ALT levels were 1637±404 IU/L, whereas in the H+IPC group the mean ALT levels were 2878±629 IU/L ( Figure   2 ).
Bile flow
Cross-clamping of the portal inflow reduced the bile flow Catalase showed a significant increased activity in the IPC group in comparison to the C, NI, and H+IPC groups, but no difference with H group (Figure 5 ). In contrast, the antioxidant enzyme SOD showed significant increase in the H group in comparison to all groups ( Figure 5 ). 
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and r =0.78, p<0.05, respectively).
Discussion
In the present study the combination of topical hypothermia and IPC in a model of ischemia and reperfusion was evaluated. Although both are considered important surgical tools of protection against ischemia and reperfusion injuries, but to the knowledge of the authors, this is the first report of the simultaneous use of these techniques on the liver, whereas this combination was already reported in brain and heart surgery 18, 19 . The protective mechanisms are not completely understood, but the attenuation of the damage caused by radical oxygen species (ROS) generated after the reperfusion seems to be, at least in part, a mechanism found in both techniques 6, 12 .
In addition, hypothermia possibly attenuates the inflammatory response by a reduction in neutrophil recruitment and prevention of the no reflow phenomenon 4, 5, 21 . Similar to observed by
Kato et al. 21 we verify that induction of topical hepatic hypothermia allowed a homogenous macroscopic perfusion of the ischemic liver lobes immediately after the reperfusion, but in the normothermic groups, several areas of heterogeneous perfusion were viewed. This , IPC did not show benefits in serum liver enzymes.
This observation, however, is similar to reports that used IPC in aged and cirrhotic rats, in liver donors to transplant or under total vascular exclusion 25, [34] [35] [36] . A possible explanation might be related to the protocol of 90 minutes of ischemia applied in this study, which could be beyond the limits of IPC protection. Vajdovà et al. 37 have suggested that the time of liver ischemia is important to IPC exerts its effects. Our observations, however, suggest that IPC allowed maintenance of the antioxidant capacity, which is in agreement with other studies 11, 38 .
Histopathological analysis after 120 minutes of reperfusion showed a significant difference between the groups IN and C and no difference between IN and the other groups (data not shown).
Hypothermia and IPC failed to show significant improvement. However, the absence of severe morphological damage is consistent with the observations of other investigators that could not find substantial necrosis and apoptosis until later times of reperfusion 39 .
Conclusion
The induction of 26ºC topical hepatic hypothermia associated or not to IPC protected the ischemic liver against ischemia/reperfusion injuries and allowed an early recovery of the hepatic function. Topical hepatic hypothermia is more effective than IPC in restoring the immediate injuries after prolonged ischemia.
